Background Banding of the pulmonary artery (PAB) in preparation for arterial switch operation (ASO) in patients with transposition of the great arteries (TGA) represents a unique model of acute left ventricular pressure overload in humans.
patients with TGA after PAB. Mass, volume, and ejection fraction of the left ventricle were measured. Cardiac catheterization data before PAB and again before ASO were reviewed. The mean interval between the PAB and ASO was 9±4 days. The left ventricular to right ventricular pressure ratio before PAB was 0.5 and increased to 1.0 before ASO. The mean percentage increase in left ventricular mass from PAB to ASO was 96%, 95% of which was achieved in the first 7 days. The average rate of left ventricular hypertrophy for the entire period was 0.06 g/h and was 0.19 g/h during the interval from PAB to attainment of maximum left ventricular mass. The most rapid rate of hypertrophy was seen by day 2, with an exponential fall in the growth rate thereafter approaching zero by day 7. Ejection fraction was significantly reduced at 12 hours after PAB, but mean values returned to pre-PAB levels by 3.5 days after banding. The absolute rate of left ventricular hypertrophy correlated directly with body surface area but not to other hemodynamic variables.
Conclusions Doubling of left ventricular mass can be achieved in 1 week after PAB. Function falls acutely due to afterload excess and/or depressed contractility but 
Methods
In December 1986, we undertook a prospective evaluation of patients with TGA who had pulmonary artery banding in preparation for ASO."1 All patients were judged to be at risk for left ventricular failure if a primary ASO was performed based on interventricular pressure ratio at cardiac catheterization or an interventricular septal position on echocardiogram consistent with significantly subsystemic left ventricular pressure. Therefore, pulmonary artery banding with or without an aortopulmonary shunt was done in these patients. For those in whom a shunt was not performed at the time of pulmonary artery banding, all had the shunt placed as a second procedure within the following 2 days. Study entrance criteria therefore included (1) The indexed left ventricular mass before banding of the pulmonary artery was 78.4±+28.9 g/m3 (range, 41 .84 to 141.99 g/m3) and was not significantly related to the patient's age or size at presentation over the narrow range included in the study. This value is not different from the normal value for left ventricular mass using the modified biplane Simpson's method for our laboratory for subjects under 6 months of age, which is 77.1±20.5 g/m3. The left ventricular mass was significantly increased compared with preoperative values by 36 hours after banding of the pulmonary artery (Fig 1) . The mean increase in left ventricular mass during the preparatory period was 100.1±67%. The rate of acquisition of left ventricular mass for the overall preparatory period was 0.058±0.042 g/h and was 0.2+0.3 g/h during the period from banding of the pulmonary artery to the time of maximum hypertrophy. After banding of the pulmonary artery, the accrual rate of left ventricular mass peaked rapidly and then fell exponentially (Fig 2) . The rate of hypertrophy correlated inversely with time since banding (r= -.88, P<.0001). By 7 days after banding, ventricular mass had increased by 95% and the rate of hypertrophy was no longer significantly different from zero (Fig 2) . Left Ventricular Volume The mean indexed left ventricular volume determined within 12 hours after banding of the pulmonary artery was 106.5 ±43.4 mL (range, 59.0 to 173.4 mL) and progressively increased with time until the time of ASO (r=.65 versus time, P=.003) (Fig 3) . However, the increment in volume was not proportional to the increase in mass, so that the mass to volume ratio rose progressively over the first week, reaching a plateau at 7 to 10 days (Fig 4) .
Left Ventricular Function
To evaluate the impact that pulmonary artery banding had on left ventricular function, ejection fraction Clinical Outcome Among these 26 patients, there were no deaths between the time of presentation and ASO. One patient died early after the ASO of pneumonia complicated by adult respiratory distress syndrome. One patient did well after the operation but died suddenly after return to his country of origin. The echocardiographic data on function, mass, and volume for these two patients was not out of the range observed in the other patients. Despite the large number of animal studies on acute pressure overload, few have examined the rate of change in ventricular function and structure. Studies in aorticbanded rats have documented a significant rise in cardiac mass as early as day 1 after banding.32 A study in aortic-banded guinea pigs reported a substantial rise in wet weight of the left ventricle by 5 days due to intracellular edema but no change in dry weight.33 However, a similar study in rats documented an increase in dry weight of the left ventricle by day 6 to day 9 after banding with a normal left ventricular dry weight to left ventricular wet weight ratio.34 Lambs with 4 days of an intermittently obstructing pulmonary artery balloon catheter experienced a significant rise in dry heart weight. 35 In an ultrastructural examination of abdominal aortic-banded rats, a 20% increase in myocyte size was noted by 20 hours after banding, which resulted from a 36% rise in mitochondrial volume and a 78% increase in volume occupied by sarcoplasmic reticulum but only a 4% increase in myofibrillar volume. cases, left ventricular function was so reduced that contraction was nearly isovolumic, and both systemic and pulmonary blood flows (through the aortopulmonary shunt) were supplied exclusively by the right ventricle. This supports the notion that a primary ASO in these patients probably would have resulted in severe left ventricular dysfunction. Although the degree of dysfunction is in part related to the acute imposition of afterload excess because of the atrial septal defect, there is also a failure to utilize preload reserve. When the atrial septum is intact, afterload excess results in a rise in diastolic pressure with utilization of the FrankStarling mechanism to preserve systolic function. However, in these patients the atrial septal defect defeats this compensatory mechanism. The relative contribution of afterload excess and possible depressed contractility is not known.
Limitations
It is likely that numerous factors including age and magnitude of stimulus as well as the absolute left ventricular mass before banding can influence the response of the human myocardium to an acute increase in pressure load. We were unable to identify any clinical parameters that correlated with the rate or magnitude of hypertrophy. However, the fact that such associations were not detected does not necessarily imply that they do not have any influence. The small number of patients and the homogeneity of our population limit our ability to confirm the absence of associations. For example, the observed association between body mass and rate of left ventricular mass increase is apparently due to a greater absolute growth rate potential of a larger heart. The fact that no significant association with indexed left ventricular mass was seen probably reflects the larger measurement error inherent in left ventricular mass determination compared with body mass measurements.
Conclusions
In this unique model of acute left ventricular pressure overload in humans, we found that the left ventricle of infants with transposition of the great vessels without hemodynamically significant ventricular septal defect has the ability to hypertrophy rapidly, achieving a plateau within 7 days after banding of the pulmonary artery. There is a transient period of severe systolic dysfunction persisting for at least 3 postoperative days. Patient size at time of banding along with the rate of hypertrophy were the only determinants of the magnitude of left ventricular hypertrophy found in this study.
